In recent years, as a result of an increasing financialisation of financial markets, white precious metals have slowly transformed from mere production inputs to investment assets. In order to analyse the characteristics of white precious metals and the consequences of the transition, this paper examines the long-run inflation hedging effectiveness of silver, platinum, and palladium using both linear and non-linear cointegration relationship procedures. This study is the first to formally investigate the inflation hedging effectiveness of white precious metals across different countries. Overall, the results point towards the superiority of palladium as the most reliable inflation hedge. Furthermore, country-specific graphical evidence uncovers time-variation in the inflation hedging potential of white precious metals.
Introduction
A considerable amount of research was published on the relationship between precious metals and inflation over the last few years (see O'Connor et al. (2015) and ), though the findings and conclusion are by no means consistent 1 . The theoretical underpinning for an alleged relationship between precious metals and inflation depends on the philosophical approach taken in defining what precious metals are. If precious metals are considered to be international currencies, which up until the 20 th century they were, then an increase in expected inflation should lead to investors driving down their cash holding in order to invest in precious metals, driving up their price. On the other hand, if precious metals are considered regular commodities needed as production inputs, their prices should rise alongside the prices of any other regular assets for that is the very definition of inflation (Jaffe (1989) ).
Even though white precious metals in general, and platinum and palladium in particular, were usually considered to be mere production inputs, the recent introduction of a silver ETF in April 2006 and ETFs for platinum and palladium in August 2010 have substantially strengthen the investment side of the metals. Furthermore, an upwards and quite substantial trend in the physical demand for white precious metals as investment assets can be observed for all three metals over recent years (see Lau et al. (2017) for more details and figures). Historically, the golden constant has been identified as the most effective hedge against inflation, however, in more recent years, as a result of an increasing financialisation of commodity markets (see Gogolin and Kearney (2016) and Lucey et al. (2018) ), white precious metals have transformed from mere production goods to actively traded securities. As investment assets, white precious metals could serve as an alternative, and maybe more effective protection against inflation.
In a recent investigation involving silver, Bampinas and Panagiotidis (2015) document a strong time-varying relationship between silver and inflation for the UK but not for the US. However, McCown and Shaw (2016) find evidence that white precious metals such as platinum and palladium offer better hedging characteristics than gold in the US between 1992 and 2015. These conflicting results call for a thorough investigation of the inflation hedging ability of white precious metals across different countries.
To take into account the transition and consequences resulting from a shift towards an investment asset, this study employs a time-varying cointegration framework to uncover whether white precious metals offer protection against inflation. We investigate the long-run dynamics of those relationships in order to compare pre-and post-transition characteristics of silver, platinum and palladium using monthly data between January 1988 and December 2016. The countries in this study have been selected based on their relative importance in the supply and demand of white precious metals. As a result the countries selected are Canada, China, Germany, Italy, Japan, Mexico, South Africa, South Korea, Switzerland, the United Kingdom, and finally, the United States of America 2 .
Previous research on the financial aspects of white precious metals tends to focus on trading activity (Batten et al. (2018) ), or on hedging and safe haven aspects of white precious metals against debt and equity (Lucey and Li (2015) and Li and Lucey (2017) ) more than on the hedging potential of the precious metals against consumer price inflation. In this paper, we identify the inflation hedging potential of silver, platinum and palladium against inflation rates in 11 countries. Working with the Johansen (1995) cointegration test, we identify the relationship between white precious metals and inflation, offering a sober approach to the subject and an insightful anal-ysis for investors and regulators. Furthermore, the identified cointegration relationships are tested for time-variancy in order to understand the development of a long-run positive relationship between the time series. We follow previous research on precious metals (Beckmann and Czudaj, 2013 , Batten et al., 2014 and offer a visualisation and an explanation of changing relationships between the series. The findings are augmented with the advanced quantile cointegration method, which are again set in a time-varying framework.
The findings point to the superiority of platinum as an effective long-term inflation hedge. While palladium is also found to be an effective inflation hedge, the relationship is dominated by short-run dynamics. In line with Bampinas and Panagiotidis (2015) , silver is found to be the least effective hedge across the elven countries considered. This relationship could be explained by the predominantly industrial nature of platinum and palladium compared to silver.
The empirical results suggest that white precious metals in general, and platinum and palladium in particular, can be used as effective investment assets in inflationary environments. Despite being yield free commodities, they should be considered as candidates for a well diversified investment portfolio.
In Section 2 the literature is briefly discussed, while Sections 3 and 4 will discuss the data and the methodology respectively. Empirical results are presented in Section 5 while Section 6 concludes.
Literature Review
In comparison to the bulk of research that exists on the relationship between gold and inflation, the research focusing on the inflation hedging potential of white precious metals is limited ). Taylor (1998) provides first insides in respect to the hedging ability of silver. Using the US Consumer Price Index between January 1914 and April 1996, the author finds that silver is both a short-run and long-run hedge against American inflation. Results for silver indicate that the metal was a long-run hedge over the entire period observed, but that silver also served as a shortrun hedge against the US CPI over many subperiods of the sample. This is particularly true during the second Organisation of Oil Exporting Countries Hodrick and Prescott (1997) filter and an asymmetric Christiano and Fitzgerald (2003) band-pass filter are used to derive expected CPI series. Bampinas and Panagiotidis (2015) are one of the few papers to look at the relationship between silver and inflation in a time-varying manner, where the methodology is based upon the Johansen (1995) cointegration framework and upgraded with a Bierens and Martins (2010) test for time-varying cointegration. For both countries, the UK and the US, silver shares no long-run relationship with inflation; however, in a time-varying framework, a strong long-run relationship does exist between silver and UK inflation. Since a time-varying relationship still fails to exist for the US, the authors conclude that silver was not an effective inflation hedging instrument against American inflation in the past 200 years. McCown and Shaw (2016) In light of these conflicting findings about the ability of white precious metals to hedge inflation, this study takes into account 28 years of data for a multitude of developed and developing economies and rely on linear and non-linear cointegration analyses in order to understand when and why white precious metal act as inflation hedgers.
Data
The country selection is based on the relative importance of the individual countries on either the supply and demand side (or both) of silver, platinum and palladium. Our investigation considers the previous mentioned countries. National inflation is measured through the country's official Consumer Price Index (CPI) for all countries. Recent work has highlighted the importance of unexpected inflation on the price of gold (Conlon et al. (2017) ), but is based on an understood relationship between realised inflation and gold, which doesn't exist so far for white precious metals and which this paper is trying to provide. The most common white precious metal prices are used, so that the prices considered are: the Handy & Harman US Dollar price of silver per troy ounce, the US Dollar London Platinum Free Market price of platinum per troy ounce, and finally, the London Metal Exchange US Dollar price of palladium per troy ounce. The natural logarithm is con-sidered across all series and the prices of silver, platinum and palladium were converted into local currency in order to delete a possible US Dollar effect in the relationship between white precious metals and inflation. Due to data availability, the investigations ranges between January 1988 and December 2016, while a summary of the data and the relevant sources can be found in Table 1 .
Insert Table 1 
about here
The selection of the 11 countries is motivated through their importance on white precious metal markets and consist of a mixture of major producers, consumers, and markets. South Africa, Canada and the United States are amongst the top five global producers of both platinum and palladium (Gold Field Mineral Services Ltd. (2015) ), alongside Zimbabwe and Russia, which were both omitted from this study due to data availability. The role of the United States and Canada as silver producing countries is also nonnegligible, where they rank on place 9 and 14 of the total global production scale (The Silver Institute (2016)) -despite of course being two major players on the demand side of the market. While Australia is the 5 th largest producer of silver, it is very unfortunate that only quarterly inflation figures exist for the Oceanic economy, leading to the decision of excluding the country from the investigation in order not to limit the data availability offered by the 11 other countries. The world largest producer of silver is Mexico, with 189.5 million ounces produced in 2015, considerably more than China on the third place with 109.1 million ounces (The Silver Institute (2016)); while Mexico's demand for white precious metals is not extraordinary, China has a vast demand for all three metals, mainly coming from it's industry and high economic growth rate. Other big players of industrial demand for white precious metals are Germany and the United Kingdom of Great Britain and Northern Ireland, being together the two largest European demanders of silver for industrial applications. While Italy is also a player on the industrial demand side of white precious metals, it's main importance is as the largest demander of silver for jewellery production, where the Italian demand stands for more than 50% of the total European silver demand (The Silver
Institute (2016)). A very different picture is seen for Japan, where nearly the entirety of silver demand is industrial. Another Asian economy with a large demand for silver in industrial applications is South Korea, though the country is somewhat active as a jewellery producer as well. Switzerland is an interesting actor on the silver market, while it's role on both the supply and demand side is relatively unimportant, the European country is home to 13% of global ETP holdings, and alongside the United Kingdom, the major trading centre for both platinum and palladium.
Methodology
The long-run inflation hedging potential of white precious metals against inflation can be specified in the following equation using the generalised Fisher effect framework:
Where W P M t stands for the natural logarithms of silver, platinum and palladium prices respectively, while CP I t stands for the natural logarithm of consumer prices; µ t is the error term of the process. The cointegration coefficient of regressors β denotes the long-run elasticity of white precious metal prices with respect to inflation, illustrating the percentage change in white precious metal prices for every 1% change in the level of inflation.
Superior hedge performance implies β > 1, while full hedge performance implies β = 1 and partial hedge performance implies 0 < β < 1. Johansen (1991 Johansen ( , 1995 proposes the error correction form of a given VAR model of I(1) X s:
Time-Varying Vector Error Correction Model
where X t is a k * 1 vector of the variables observed at time t = 1, ..., T .
Furthermore, Ω and Φ j are k * k matrices with j = 1, ..., p − 1, while γ 0 and γ 1 are both the respective k * 1 vectors of the VECM's intercepts and linear trend coefficients.
Bierens and Martins (2010) propose a time-varying VECM of order p in which the cointegrating vectors are smooth functions of time and that for some t there are fixed r < k linearly independent columns of the timevarying k * r matrix β t = (β 1t , ..., β rt ):
In the above equation, ε t ∼ N k (0, Ω), α, is a fixed k * r matrix (with r representing the cointegrating rank of the system), and β t is a time-varying k * r matrix with rank r. The null hypothesis of time-invariant cointegration (Π t = Π = αβ t ) is tested against the alternative hypothesis of time-varying cointegration of the type Π t = αβ t . Ω and Φ j are k * k matrices while T stands for the number of observations.
Assuming standard smoothness and orthonormality conditions, Bierens and Martins (2010) argue that the parameters of vector β t can be approximated by a finite sum of Chebyshev time polynomials P i,T (t) of decreasing smoothness for some fixed m:
where
By substituting Equation 4 into Equation 3
, the following is obtained:
where ξ = (ξ 0 , ξ 1 , ..., ξ m ) is an r * (m + 1)k matrix of rank r and X
is defined by
where the null hypothesis of time-invariant cointegration corresponds to
t−1 = X t−1 and can be tested with a likelihood ratio test 3 .
Quantile Cointegration Analysis
Following Xiao (2009) 
Given that Q µ (τ ) with Φ t = σ{CP I t , ∆CP I t , ∀j} can be used to denote the τ 'th quantile of µ t , conditional on Φ t , the τ 'th quantile of W P M t is given by:
Where Π −1 µ (τ ) is the cumulative density function of µ t and Equation 7 can be rewritten as:
while Equation 8 becomes:
Where Z t is the vector of regressors including (1, CP I t ) and (
. Time-variation behaviour of the cointegration vector β t can be tested by means of the Kolgomorov-Smirnov statistic sup τ |V T (τ )|, whereV T (τ ) = T (θ(τ ) −θ). Note that ϑ = β , andθ(τ ) is the quantile estimator from Equation 8 andθ is a T-consistent estimator of ϑ. Finally, the sup τ |θ T (τ )| statistic has a non-standard asymptotic distribution while re-sampling methods are used to generate critical values.
Empirical Results

Cointegration Results
The Augmented Dickey Fuller procedure is applied to every series and results indicate that all the time series are non-stationary and possess a unit root (Table 2) .
Insert Table 2 about here   The Johansen test results are displayed in Tables 3a and 3b and reveal interesting findings for all the different countries.
Insert Tables 3a and 3b about here
Both platinum and palladium are cointegrated with inflation in Canada, but silver fails to be. Indeed, while the importance of Canada is relatively weak as a silver producing country, Canada is an important producer of both platinum and palladium, a reason which could explain the observed relationship.
Regarding China, none of the three white precious metal are found to have a long-run cointegration relationship with inflation. Concerning silver and platinum, results indicate that no long-run relationship with inflation exists; results different to those observed for palladium, where two cointegration vectors indicate stochastic movements in the relationship pointing towards short-term co-movements between the series. Indeed, the results found for the relationship between palladium and inflation in China call for a more detailed investigation into the short-term drivers of the cointegration relationship which is provided later on.
In Germany, all three precious metals are cointegrated with inflation and served as a hedge against inflation over the past 30 years. The demand for white precious metals in Germany is very large on a Global scale, mainly in the light that the demand for platinum and palladium in Germany is fueled by a growing and strengthening vehicle production which is about one third of the total European production (Gold Field Mineral Services Ltd. (2015)). An identical finding is observed for Italy and South Korea, two other industrial Nations where the prices of silver, platinum and palladium were cointegrated with inflation over the past 30 years.
Considering the results of three other industrialised countries, namely Japan, the United Kingdom of Great Britain and Northern Ireland, and the United States of America, results point towards the ability of silver and platinum to hedge inflation, but also towards stochastic elements in the relationship between palladium and the three national inflation measures.
South Africa is a Global player on the supply market of both platinum and palladium while Mexico is the globally leading producer of silver. In both countries, all three white precious metals served as hedging instruments against inflation between 1988 and 2016.
Finally, results for Switzerland indicate that while platinum is a long-run hedge against inflation, the relationship for silver and palladium is somewhat more complex and should be considered more carefully.
Time-Variation and Quantile Cointegration
According to Table 4 , time-variation is identified in the cointegration relationship between all white precious metals and inflation indices, pointing towards trends and seasonalities of the series.
Insert Table 4 Insert Table 5 about here   Table 6 presents the country-specific quantile cointegrating regression results and it can be seen, that the coefficients are statistically significant for the majority of the countries across quantiles. Overall, the quantile regressions lend support to the hedging relationship between white precious metals and inflation; and it is interesting to note that the occurrence of a cointegrating relationship increases at higher quantiles, such as τ = 0.75 and τ = 0.90, for platinum in China. Further evidence seems to indicate that some metals have no hedging effectiveness against inflation (for example silver in China, Italy, Japan, Mexico, and South Korea; or palladium in Italy, Mexico, and South Africa), results in contrast to those obtained through a Johansen cointegration procedure (Tables 3a and 3b ). Furthermore, it is suggested that the most superior hedge performance is the palladium market in Switzerland while the lowest partial hedge performance is the platinum market in China.
Insert Table 6 about here Finally, when considering the effectiveness of the different white precious metals in comparison to one another, it is evident that platinum ranks first in terms of the number of significant cointegrating relationship at the 1% significant level, followed by palladium and silver -indeed, we observe that platinum has the highest percentage of superior hedge performance (82%), followed by palladium (64%) and silver (45%).
Variation in long-run Relationships
Somewhat conflicting results are delivered by the two cointegration methodologies presented above and call for a formal and consolidating countryspecific investigation into the true nature of the relationship between white precious metals and inflation. Indeed, an important issue that remains to be addressed is when and how the long-run relationship between the series changed.
The scaled trace statistic of Johansen's cointegration procedure is extracted for every series and plotted over time, allowing for a visualisation of the evolving relationship between white precious metals and inflation, ultimately revealing when silver, platinum and palladium served as hedges against inflation across the 11 different countries.
Insert Figure 1 about here
In Canada, palladium was the most reliable hedge against inflation throughout the period considered, though silver also proved to be a somewhat effective hedge over certain time periods. Two things should be noted when explaining the superiority of palladium against platinum. First of all, Canada's relative importance as a supplier of palladium is more important than as a supplier of platinum, and second, Canada's demand for palladium as a production factor for catalysts is much stronger than that for platinum. It is noteworthy to mention that silver was a surprisingly good hedge against inflation in Canada, except for a short period between 2000 and 2006, even though the two series don't share a formal long-run relationship (Table 3a) .
It seems however, that while the demand for silver in Canada is relatively low compared to other countries, the important chronological increase in physical silver demand as an investment asset was beneficial for silver's abil- In conclusion, it can be said that while silver proved to be a surprisingly effective hedging instrument against inflation in Canada, palladium was by far the most effective inflation hedge of the three white precious metals considered. The driving force behind the hedging relationship of platinum and palladium with Canadian inflation seems to stem from mining activities, while the gradual shift towards using silver as an investment asset was beneficial for the metals inflation-hedging abilities.
Insert Figure 2 about here
In China, the striking observation is similar to that made for Canada, where it seems that palladium is the most reliable hedging instrument against inflation. The trend for all three precious metals is that they became effective inflation hedgers over time, starting around the late 1990s for platinum and palladium, and around the mid 2000s for silver. A break in cointegration between platinum and Chinese inflation is indicated around the global financial crisis; pointing towards the relative superiority of silver and especially palladium to act as hedging instruments. Silver starts to be cointegrated with inflation in China when the industrial demand for silver strongly grows in line with silver linked industrial activities (The Silver Institute (2008) In China, the inflation hedging ability of white precious metals is a reaction to their growing importance in industrial applications; similarly to what is observed in Canada, palladium was the most effective inflation hedging instrument of the three white precious metals.
Insert Figure 3 about here
In Germany, a trend away from cointegration can be observed over time for all three white precious metals considered. However, similarly to what is observed for Canada and China, palladium proved to have been the most reliable investment to hedge inflation over the past 30 years. Furthermore, the detrimental impact of the global financial crisis on the relationship between platinum and inflation can again be observed. However, in stark contrast to what is observed for Canada and China, the recent crisis was also detrimental to the relationship between silver and consumer price inflation in Germany. So while silver indeed has a considerable track record as an investment asset in Germany, a formal investigation uncovers that palladium is the more attractive inflation hedge out of the three precious metals considered. The break in the cointegration relationship between silver and German inflation around 2009 is in line with a downturn in physical silver demand as a reaction to a lesser importance of the precious metal in industrial applications and as an investment asset. The German car market accounts for approximately one-third of European vehicle production, and while both platinum and palladium can be used in the production of diesel and gasoline engines, a decreasing importance of platinum to the benefit of palladium can be noticed over the past decade (The Silver Institute (2016)).
So while the three precious metals were cointegrated with German inflation during the beginning of the sample, pushed by their importance as industrial production factors in the automobile industry for platinum and palladium, and notably in the photographic industry for silver, a decreasing industrial demand for silver and platinum led to a break in the relationship with inflation. On the other hand, the gradual shift away from using platinum as a production factor in the automobile industry has strengthen the abilities of palladium to act as an inflation-hedger.
Results for Germany are similar to those obtained for China, where industrial application is the main driving force behind a possible inflationhedging ability. In line with results obtained for Canada and China, the superiority of palladium as an inflation-hedge is revealed.
Insert Figure 4 about here
In Italy, results indicate that white precious metals were inefficient inflation hedges and that the positive long-run relationship with inflation is driven by the early part of the sample. Indeed, silver, platinum, and palladium only acted as a hedge until mid-1998, and offered no protection against inflation ever since; urging investors to reconsider investing in silver, platinum, and palladium as a hedge against inflation. Results for Italy are very insightful as the break in relationship between the three white precious metals and national inflation is not in line with a slowing demand per se; furthermore, the fact that Italy is the second global producer of silver jewellery after India (The Silver Institute (2016)) doesn't seem to play a role on the metals inflation-hedging potential. So while the relationship between white precious metals and inflation in Italy doesn't depend on changes in the demand for any of the metals, it can be concluded that none of the metals are attractive hedging instruments against inflation due to underlying inflation dynamics in the country.
Insert Figure 5 about here
A somewhat similar story is observed in Japan, where all three white precious metals stop to be cointegrated with inflation around the late 1990s, early 2000s -similar results for gold are observed by Lucey et al. (2017) .
A likely explanation can be found in the period of deflation the Japanese economy was going through over the past decades, but also in the stagnating economic activities of the country -results similar to those obtained for Italy, where a break in the relationship between white precious metal prices and inflation is also observed. While a downturn in the demand for silver in Japan can only really be observed towards the end of the sample, the drop in demand for platinum around the late 1990s is in line with the observed break in Figure 5 . Results in Japan are in stark contrast to those observed for Germany, a comparably strong producer of vehicles driving the industrial demand for platinum and palladium. Indeed, while the Japanese demand for palladium was growing considerably over the 2000s (Johnson Matthey (2017) ), the metal never offered a protection against inflation; akin to the more complex nature of inflation rates in Japan, that was going through periods of deflation during the past three decades.
While Japan is one of the most industrial countries in the sample and has had a record of considerable demand for the three precious metals over the period considered, none of the three white precious metals considered offer a reliable refuge against inflation; pointing towards the detrimental effects of deflationary episodes on inflation-hedging abilities of precious metals (Hoang et al. (2016) ).
Insert 
Insert Figure 7 about here
The relative superiority of silver and palladium as inflation hedges is again observed in South Africa, where the two metals were cointegrated with the CPI during the early part of the sample. Considering silver, the slow shift upwards of the trace statistic is in line with a steady decrease of silver mine production over the past decades (The Silver Institute (2016)). Indeed, the African country only produced about 40% of the silver quantity in 2015 compared to 2006, the year where silver isn't cointegrated with inflation any longer. South Africa is the world's biggest producer of platinum and also a global leader in the production of palladium. However, the inflation-hedging capacities of platinum are scare to say the least; palladium only hedged inflation during the first part of the sample. While a formal reasoning can't be found on the supply side of the two precious metals, a possible explanation might be found in the underlying economy rather than in price movements of the white precious metals per se. Indeed, it could be the importance of white precious metals as exports of the South African economy; here the argument is that the exposure to international metal prices is a driver of national inflation and therefore, that the relationship between the metals and the inflation rate is more complex than for other countries.
In South Africa, silver proved to have been the relatively most reliable inflation hedge in comparison to platinum and palladium. So while South Africa is an important producer of both metals, they did not serve as effective hedges against rising prices in the African economy.
Insert Figure 8 about here
In South Korea, palladium is by far the most superior inflation-hedging instrument out of the three white precious metals considered. While short cointegration breaks can be observed around the mid 1990s and early 2000s, palladium was comfortably cointegrated with South Korean inflation rates up until 2013. So while the East Asian economy is home to an important economy, and notably an important automotive industry, silver and platinum were not very effective inflation hedges over the past 30 years.
However, similarly to Germany, another important car producing economy, palladium was the most effective cointegration hedge over the entire sample.
A similar pattern to Germany is observed for South Korea, were palladium was the most effective inflation hedge over the period considered. This offers further evidence for the detrimental effects of deflation and disinflation in Japan, were one would indeed expect hedging potential of palladium, in the light of the importance of the automotive industry in the country.
Insert Figure 9 about here
Switzerland is, alongside the United Kingdom, one of the two major trading centres for paltinum and palladium bullion (Gold Field Mineral Services Ltd. (2015)), while the importance of Switzerland on the silver market has been declining over the past few years (The Silver Institute (2016)), with countries facing a decline of the amount of silver held nationally. The relationship between white precious metals and inflation is telling a similar story, with silver being the weakest metal to hedge inflation. Again, palladium proves to be the most reliable inflation hedge, though it stopped around the recent global financial crisis of 2008.
In Switzerland, the importance of the country as a trading centre seems to be the decisive element in explaining the relationship between white precious metals and inflation. Indeed, while Switzerland is a key player on the platinum and palladium market, the importance of the domestic market for silver diminished over the past years, probably explaining why silver was not a reliable inflation hedge. Considering palladium however, while the metal was the best inflation hedge, this relationship stopped around 2008.
Insert Figure 10 about here
In the United Kingdom, white precious metals were surprisingly ineffective in hedging inflation. While some evidence of cointegration is found for silver and palladium in the beginning of the sample, a break in cointegration for all series with the CPI is observed around the early 2000's. The difference in dynamics between precious metals and inflation series is in contrast to the findings of Lucey et al. (2017) , who formally investigate the longrun relationship between gold and the UK CPI and provides evidence for long-term cointegration between the series, that only breaks around 2009. It therefore seems that gold is a far more reliable inflation hedge in the United Kingdom compared to white precious metals ).
While the United Kingdom is home to an important trade centre for precious metals in general, despite being also an important player on the demand side, it seems that the inflation dynamics of the country rather co-move with gold, which official price is being fixed in London since 1919.
Insert Figure 11 about here
Results for the United States of America are very revealing and uncover the superiority of palladium as a white precious metal hedging consumer price inflation. Indeed, palladium was cointegrated with the US CPI throughout the sample, except for a few short periods. Silver and platinum on the other hand prove themselves to be quite unreliable hedging instruments, though the United States are a very important player on the demand side of both precious metals.
Results for the United States reveal the hedging superiority of palladium, the most industrial of the three precious metals. Interestingly, silver is found to be a very weak inflation hedging instrument, showing again that gold is the precious metal capable of offer protection to investors, rather than silver ).
Conclusion
This study provides insights into the relationship between white precious metals and inflation. The research is motivated by a lack of a detailed investigation, the apparent transition from industrial input to investment assets and the recent introduction of ETFs for all three white precious metals.
Thereby allowing individual and institutional investors to better exploit the investment characteristics of silver, platinum, and palladium.
Covering a 28 year period across eleven countries, the study finds that platinum is the most effective long-term hedge. Whereas the inflation hedging abilities of palladium are expressed through short-term dynamics. While many former studies investigate the inflation-hedging potential of gold (see Batten et al. (2014 ), Hoang et al. (2016 ) and silver (Bampinas and Panagiotidis (2015) ), none have formally investigated the relationship between platinum, palladium, and inflation. Findings suggest that platinum and palladium are more reliable inflation hedges because of their industrial nature, while silver, the metal with the most precious attributes to it is not very effective in this regard. Note: * stands for the failure to reject the null hypothesis at the respective rank. If the null hypothesis can not be rejected at rank 0, the series are not cointegrated; if the null-hypothesis can not be rejected at rank 1, the series are cointgrated with one cointgeration vector etc. Note: ** and * stand for the rejection of the null hypothesis of time-invariance at the 5% and 10% level respectively, depending on a 10% confidence level p-value. The Bierens and
Martins (2010) test approximates the cointegrating vector in the Johansen (1991) test by a finite number of Chebyshev time polynomials and can be used to determine whether or not the cointegrating vector varies with time. We follow Bampinas and Panagiotidis (2015) in reporting results for m up to four and conclude that time-variation is observed unless at least one m fails to rejects the null hypothesis. 
